Abstract. The use of cross-type dowels that are battered down with a gunshot method makes it possible to reduce labor intensity and speed up the process of erection and reconstruction of timber bridges. Objective of this paper is to develop a methodology for estimation of the permissible distance between dowels. For this purpose, the method of holographic interferometry in colliding beams was used. The resulting equations were obtained for the patterns of interference fringes observed in reflected light transmitted through the hologram. The investigations showed that the shear component of the strain tensor decreases exponentially with distance from the dowel. The concept of deformation attenuation constant was introduced, i.e. the distance at which the deformation decreases by e times. It is recommended to set dowels at a distance equal to eight attenuation constants.
Introduction
This paper [1] proposes to use dowels with x-shaped cross-section that are hammered by means of mounting guns. The gunshot method of making doweled connections can be fully appreciated by the builders who construct timber bridges in hard-to-reach areas. The spread of this method is promoted by the widespread use of mounting guns in the construction for the attachment of steel parts to brick or concrete structures. When hammering crosssectioned dowels with knife sharpening with the mounting guns, a dense mortise is formed, which increases the reliability of the connection [2] [3] . Until now, no methodology has been developed for determination of the permissible distances between dowels. The study of the strain state of wood is complicated because of the large anisotropy of the material [4] . The optical methods for studying the strain state are used in the study of products made of various materials under various loading methods [5] [6] . For the experimental determination of the permissible distance between the axes of the dowels, it is proposed to use the method of recording of holograms proposed by Yu. N. Denisyuk [7] [8] [9] [10] [11] .
Study method
To derive the resulting equations of the patterns of the bands reconstructed by a doubleexposure hologram, we consider the optical scheme for hologram recording shown in Figure 1 . The path of the beams during the first exposure is represented by solid lines. During the second exposure, the lines are dotted. The photographic plate is located in front of the studied section of the product and is illuminated by a plane coherent light (Fig. 1) . The pattern of the bands, which is recorded in the light passing through the recording medium, shall be determined by the interference of waves reflected from the surface of the product. 
The intensity of light is equal to the square of the modulus of the vector:
Hereinafter, the symbol  denotes complex conjugation. Energy will enter the recording medium: 
Further, we will consider only the terms enclosed in the second brackets, they describe the virtual image, the third brackets describe the real one, and the first brackets describe the non-diffracted light:
The restored image will have an intensity:
Since, RC I -the intensity of the reconstructing wave affects only the brightness of the image and having assumed
, then we will not take into account these parameters in the derivation of the resulting equations. In a complex form, the light wave vectors are represented as follows:
Here, the indices of the amplitudes k 
Then, if we assume that
In the virtual image, the intensity of light is described by the expression:
e e e e I (12) Maximum occurs under the following condition:
Having substituted formula (10) into equation (13) and multiplying it by   2 , we obtain the following equation:
Here N is the number of the interference fringe;  -length of the light wave; k  (14) are also constant and do not affect the distance between the bands. Therefore, they will not be taken into account. Then equation (14) takes the form: 
With this in mind, we determine the path differences 1 
Substituting these expressions into equation (16), we obtain: . The path difference in the object beams during the time between the first and second exposure is described by the terms in the first brackets. The similar path difference in the reference beams is described by the second bracket.
For information recorded in reflected light, the reference beam does not change. The interference fringes observed in reflected light are described by the equation:
The pattern recorded in the light passing through the hologram is described by the equation: The determination of the displacement vector components lying in the plane along the interference patterns of bands recorded in the light passing through the hologram, is possible only with a small gap between the investigated surface and the recording medium.
Results
The method of holographic interferometry in colliding beams was used to determine the permissible distance between dowels. The reflectivity of the wood surface is small, so a reflective layer of aluminum powder was applied to the surface of the wooden beam. A dowel was hammered into the wooden beam. High-resolution holographic photographic plate was fixed on the surface of the beam. The photographic plate was exposed at two different loads applied to the dowel along the wood fibers. After the processing of the photographic plate, the patterns of interference fringes from two directions symmetrical with respect to the normal to the plate were recorded. Photos of these patterns are shown in Figure 2 . The observation plane coincides with the direction of the wood fibers and is normal to the sample surface. 
Conclusion
For the reliable work of dowels, it is necessary that in the region of intersection of disturbances from adjacent dowels, the magnitude of the shear stresses does not exceed 2% of the maximum value. This is achieved at a distance equal  4 , therefore, the distance between the axes of adjacent dowels should be equal  8 . For a dowel in width of 16 mm, the distance between the axes should be 16 cm, and for 14 mm dowel -14 cm. The developed technique allows determining the permissible distances between connecting elements in wooden structures.
